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ABSTRACT
The age and evolutionary status of MWC349A, the unique emission line star with maser and laser
radiation in hydrogen recombination lines, remain unknown because the spectrum of the star is veiled
by bright emission from the ionized disk and wind. The major argument for this massive (>10 M)
star being evolved is its association with a close-by (2.4 arcsec) companion, MWC349B, whose B0III
spectrum implies an age of a few Myrs. However, newly obtained high-resolution spectra of MWC349B
reveal a difference ≈ 35 km s−1 in the radial velocities of the two stars, which makes their being gravita-
tionally bound highly improbable. An estimate of the relative proper motion of the two stars seems to
confirm this conclusion. This reopens the previously suggested possibility that MWC349A is a young
massive star in a region of active star formation close to the Cyg OB2 association. MWC349B, which
moves with a speed ≥ 35 km s−1 relative to Cyg OB2, may be a runaway star from this association.
Keywords: stars: early type — stars: binaries — stars: emission-line — stars: individual (MWC349A)
— stars: individual (MWC349B) — stars: pre-main sequence — techniques: spectroscopy
1. INTRODUCTION
MWC349 is a visual double star with a spectrally un-
classified luminous emission-line component MWC349A
(hereafter star A) and a B0III component MWC349B
(star B), 2.4 arcsec apart (Cohen et al. 1985). The mas-
sive, ionized outflow from star A and its circumstellar
disk is a source of bright radio emission with unique char-
acteristics. It is the brightest known stellar source of cm
radio continuum and the only known source of high-gain
maser and infrared laser emission in hydrogen recombi-
nation lines [see a brief review in Strelnitski et al. (2013)].
The mass of star A has been estimated by several au-
thors to be from 10–15 M (Zhang et al. 2017) to 25–
30 M (Ponomarev et al. 1994; Thum et al. 1994). The
age and the evolutionary status of this massive star are
uncertain. A direct spectral classification is impossible,
because the absorption spectrum of the star’s atmosphere
is completely flooded by exceedingly strong emission lines
from its ionized envelope. Some indirect arguments have
been presented for both the star being a luminous mas-
sive pre-main sequence object and for it being an evolved
supergiant [see Gvaramadze & Menten (2012) for a re-
view of hypotheses].
One of the strongest arguments in favor of the latter
hypothesis is the possible physical connection of star A
with the less luminous and probably less massive star B,
whose B0III spectrum indicates an age of ∼5 Myrs. Co-
hen et al. (1985), as well as Tafoya et al. (2004) presented
some evidence of a possible physical connection between
the two stars, based on the shape of the radio continuum
isophotes. However, Meyer et al. (2002) offer alterna-
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tive explanations for the radio nebula shape and argue,
based on their spectropolarimetry of the two stars and
constraints from the interstellar polarization, that star B
is appreciably farther from us than star A, and therefore
they cannot be physical companions, although both stars
are probably connected with the Cyg OB2 association.
Manset et al. (2017) argue, based on their estimate of the
reddening of the two stars, that star B cannot be much
farther from us than star A and that it may be within
the nebula of star A. Strelnitski et al. (2013) drew at-
tention to a possible physical connection of star A with
a compact molecular cloud in the region of active star
formation triggered by the mass outflow from Cyg OB2.
If this connection is real, star A may be very young, and
even may be the first case of a >10 M Herbig AeBe star
in a very short pre-main sequence phase, just after having
dispersed most of the surrounding molecular cloud.
Using the high-resolution spectra of stars A and B ob-
tained with the TRES spectrograph of the 1.5-m Till-
inghast Reflector at the Fred L. Whipple Observatory,
Drew et al. (2016) came to the conclusion that the ra-
dial velocities of stars A and B are probably different by
an amount several times greater than that allowed by a
gravitationally bound system. However, the TRES spec-
trum of star B was heavily contaminated by the bright
emission spectrum of star A, which caused considerable
uncertainty in the measured radial velocities of its ab-
sorption lines. An independent confirmation came re-
cently with the publication of the radial velocity of star
B by Manset et al. (2017) and with our own measure-
ment using a high quality spectrum obtained with the
HIRES echelle spectrograph on the Keck I telescope.
In this paper we re-examine the results and conclu-
sions briefly reported in Drew et al. (2016), present the
confirming Keck/HIRES result and present a support-
ing argument based on an estimate of the relative proper
motion of the two stars. The observations and reduc-
tions are described in section 2 and the results – in sec-
tion 3. In section 4, we obtain the upper limit for the
radial velocity difference between stars A and B if they
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are gravitationally bound and show that the observed ve-
locity difference is several times greater than this limit,
and thus that the two stars are very probably not gravita-
tionally bound. We also obtain a preliminary estimate of
the relative proper motion of the two stars, which seems
to confirm their high relative velocity. Section 5 summa-
rizes our conclusions.
2. OBSERVATIONS AND DATA REDUCTION
2.1. The Tillinghast/TRES data
The spectra of both stars were obtained on 2014 Octo-
ber 31 using the TRES fiber-fed echelle spectrograph on
the 1.5-m Tillinghast Reflector at the Fred L. Whipple
Observatory. The spectral resolving power was 44,000
(6.8 km s−1). The spatial resolution, limited by the in-
put of the fiber optics feed with a diameter of 2.4 arcsec,
was comparable to the angular separation of the stars.
As a result, the spectrum of star B was strongly contam-
inated by very bright emission lines of star A.
We used the iraf6 package splot to analyze the spec-
tra. In order to extract the uncontaminated absorption
spectrum of star B a simple de-contamination procedure
was applied based on the assumption that the measured
intensity IλB at each wavelength λ of star B’s spectrum
is the sum of the intensity due to this star, I0λB , and a
fraction f of IλA – the observed intensity of the spec-
trum of star A. Thus, the uncontaminated intensity is
given by the equation: I0λB − f · IλA. The unknown
“contaminating fraction” f was determined visually for
the wavelength interval comprising each of the measured
lines by gradually increasing the value of f and look-
ing for the appearance of the absorption profile that
would show neither signatures of contaminating emis-
sion, nor signatures of “over-subtraction” of the emission
(i.e. the reversed pattern of the contaminating emission
line). Since most of star A’s emission lines have a char-
acteristic double-peaked profile, it was relatively easy to
recognize the signatures of both residual contamination
and “over-subtraction.” Still, this procedure was plagued
by considerable uncertainty in the centroid radial veloc-
ity of each measured absorption line.
2.2. The Keck/HIRES data
The Keck/HIRES echelle spectrograph (Vogt et al.
1994) data were acquired on 2017 May 19 and 20. With
the seeing of ≈0.8 arcsec, we were able to obtain uncon-
taminated individual spectra of stars A and B by placing
the slit perpendicular to the line connecting the images of
the stars. A total exposure time of 600 s on MWC349B
using the C1 decker resulted in a signal-to-noise ratio
S/N ≈ 30 per 1.3 km s−1 pixel, with an instrumental res-
olution of FWHM = 6.25 km s−1. The HIRES data were
reduced using standard XIDL7 reduction packages.
3. RESULTS
Using the decontamination procedure described in sub-
section 2.1, we measured the heliocentric radial velocities
of three HeI absorption lines in the Tillinghast/TRES
6 iraf is distributed by the National Optical Astronomy Obser-
vatories, which are operated by the Association of Universities for
Research in Astronomy, Inc., under
7 http://www.ucolick.org/∼xavier/IDL/
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Figure 1. Decontaminated Tillinghast/TRES spectrum of star B
over the region containing HeI line with vacuum rest wavelength
6680.00 A˚. This wavelength is shown by green dot-dashed line. The
best-fit Gaussian is shown by the red solid line. The red dashed
line marks the centroid of the Gaussian, at 6680.69±0.02 A˚, which
corresponds to the heliocentric radial velocity of +31±1 km s−1
spectrum of star B. The adopted vacuum rest wave-
lengths of the three lines (5877.27 A˚, 6680.00 A˚, and
7067.17 A˚) are the weighted averages of the strongest
components of each line taken from the NIST database
(Kramida et al. 2015). Figure 1 shows, as an example,
the decontaminated profile of the 6680.00 A˚ line, whose
centroid is at 6680.69±0.02 A˚, corresponding to the helio-
centric radial velocity VB(6680) = +31±1 km s−1. The
mean value of the heliocentric radial velocity over the
three measured lines is given in the third column of Ta-
ble 1. The error of the mean value (estimated from the
scatter of the individual values of VB) is considerably
larger than the formal errors of the centroid of the fit-
ting Gaussian for each line because of the uncertainty
in determining the optimal value of the contamination
fraction f in the decontamination procedure.
We determined the radial velocity of star B with the
Keck/HIRES spectrum using the 5877.27 A˚ HeI absorp-
tion line8. After continuum fitting and normalization of
the spectrum, a least-squares Gaussian fit to the absorp-
tion line gave a best-fit centroid of 5877.798±0.014 A˚, or
VB(HEL) = +27.2±1.5 km s−1 (Figure 2 and Table 1).
There is no direct information on the radial velocity of
star A because of the lack of its atmospheric absorption
spectrum. However, its probable radial velocity can be
estimated from the optical and radio data on the outflow
and the disk of the star (e.g. Aret et al. 2016; Gordon
et al. 2001). Here we adopt star A’s systemic velocity
based on the SMA interferometry of the circumstellar
disk in masering H30α and H26α lines (Zhang et al.
2017): VA(LSR) = +7.2±0.2 km s−1 (the error estimate
is based on the difference of ≈0.2 km s−1 between the ve-
8 The HIRES spectra of both stars will be discussed in further
detail in an upcoming paper (Jorgenson et al., in preparation).
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Figure 2. Keck/HIRES spectrum of star B over the region con-
taining the HeI 5877.27 A˚ line. The rest wavelength of the line is
indicated by the green dot-dashed line. The best-fit Gaussian is
shown by the red solid line, with the red dashed line marking its
centroid (see text and Table 1).
locity values obtained with the two lines). For the “stan-
dard” solar motion adopted at SMA, the heliocentric ve-
locity corresponding to this LSR velocity is VA(HEL) =
−9.9±1.0 km s−1 (N. Patel, private communication; we
increased the probable error to account for the small un-
certainty of the LSR to HEL transformation). This value
of VA(HEL) is in agreement with the heliocentric radial
velocity of the ionized envelope of the star as measured
by Aret et al. (2016) using the forbidden optical lines of
[OI] and [CaII]: Venv(HEL) = −9±2 km s−1.
Using the above values of VB(HEL) obtained with the
two spectrographs, we calculated the values of ∆VBA =
VB(HEL)−VA(HEL). They are shown in the fourth col-
umn of Table 1, together with their estimated errors.
4. DISCUSSION
Given the much larger uncertainty of the Tilling-
hast/TRES result, the agreement between the values
of ∆VBA obtained with this spectrograph and with
Keck/HIRES is remarkably good. These results are also
corroborated by the recently published radial velocity
of star B based on the measurement of two HeI lines
in a spectrum obtained with the 3.6-m Canada-France-
Hawaii Telescope (Manset et al. 2017), see Table 1. Thus,
we can firmly conclude from three independent results
that the radial velocity difference of stars B and A is not
less than ≈35 km s−1.
We now show that this velocity difference is much
larger than the difference allowed for a gravitationally
bound pair of stars with the probable parameters of
MWC349A and B and the probable distance to them.
The radial velocity of a component of a binary (let it
be component 1) is given by the standard equation:
V1 = V0 +K1[cos(ω + ν) + e cos(ω)], (1)
where V0 is the radial velocity of the binary’s center of
mass, ω is the argument of periapsis of the orbit, ν is the
true anomaly of the star within the orbit, e is the orbit’s
eccentricity,
K1 =
√
G(m1 +m2) a1 sin(i)√
a3(1− e2) , (2)
is the radial velocity semi-amplitude, i is the inclination
of the orbital rotation axis to the line of sight, a ≡ a1 +
a2 is the sum of the semi-major axes of the orbits of
components 1 and 2, m1 and m2 are the masses of the
components, and G is the gravitational constant.
With similar expressions for V2 and K2 for component
2 and with the usual radial velocity sign convention (pos-
itive for recession and negative for approach), the ob-
served absolute value of the difference of radial velocities
of the components,
∆V12 ≡ |V1 − V2|, (3)
is maximum when: (1) the plane of the orbits is seen
edge-on (i = 90◦); (2) the stars reach their highest or-
bital speeds, i.e. each of them is at the periapsis of its
orbit (ν = 0); (3) the velocity vectors are parallel to the
line of sight, i.e. the line of the major axes of the orbits is
perpendicular to the line of sight (ω = 0). For this con-
figuration, one gets from Equations (1)–(3), as well as
two equations for component 2 analogous to Equations
(1) and (2):
∆V12 = (1 + e)
√
G(m1 +m2)
a(1− e2) . (4)
The linear distance between the stars when they are
at their periapsides is δ = a(1− e). Taking into account:
(1) that in the orbit configuration described above the
line connecting the components lies in the plane of the
sky, and thus δ = θ ·D with θ being the observed angular
separation of the components and D being the distance
to the object, and (2) that θ · D < δ for any deviation
of the line connecting the components from the plane of
the sky, we finally get the upper limit:
∆V12 =
√
G(1 + e)(m1 +m2)
θ ·D ≤
√
2G(m1 +m2)
θ ·D , (5)
where the second inequality corresponds to extremely
elongated orbits (e → 1). Substituting the current es-
timates of the masses of the components (quite proba-
bly the upper limits in both cases), m1 ≈ 30 M and
m2 ≈ 20 M and also θ ≈ 2.5 arcsec (see below about
the possible increase of the visible separation from 2.4
to 2.8 arcsec in the last several decades), D ≈ 1.5 kpc
(averaging the extreme estimates of 1.7 kpc (Massey &
Thompson 1991) and 1.2 kpc (Cohen et al. 1985)), we
get ∆V12 ≤ 4.9 km s−1. Note that this is a strict up-
per limit because we assumed a very special orientation
of the orbits relative to the observer and a very special
time (periapsis) for the stars in their motion within ex-
tremely elongated elliptical orbits. If, for example, the
orbits were almost circular (e → 0), the same special
orientation would result in ∆V12 ≤ 3.4 km s−1.
Thus, the observed difference of radial velocities of
stars A and B is much larger than the expected upper
limit of the difference in radial velocity for two gravita-
tionally bound stars. The possibility that the large radial
velocity difference is due to the orbital motion (if star B
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Instrument Spatial Res.,
arcsec
Spectral
Res., km s−1
VB(HEL),
km s−1
∆VBA,
km s−1
Comments
Tillenghast/TRES 2.4 6.8 30±10 40±10 Average over three lines
Keck/HIRES 0.7 6.25 27.2±1.5 37±2 A single line
CFHT (Manset et al. 2017) - 5 26±1 36±1 Average over two lines
Table 1
Comparison of three sources of ∆VBA
is itself a binary) seems quite improbable. The period P
of a binary can be presented in the form:
P
days
= 0.97× 107
(
m32/(m1 +m2)
2
M
)(
K1
km s−1
)−3
×
(
sin3 i
(1− e2)1.5
)
(6)
Substituting the observed ∆VBA ≈ 35 km s−1 for K1, and
supposing that the mass of the component 2 in the star B
binary is comparable or smaller than the probable mass
of component 1 (star B, ∼20 M), and that the eccen-
tricity of the orbit is not too large, it is found from equa-
tion (7) that the probable period of the binary is ∼1000
days or less. During an orbital period, the radial veloc-
ity of star B (and thus ∆VBA) must change by at least
≈ 35 · 2 ≈ 70 km s−1. Yet, the three independent spectra
taken with the intervals of 413 and 929 days showed prac-
tically the same values of ∆VBA, which for the earliest
and the latest spectra, separated by 1342 days, coincided
within ≈6% uncertainties of the obtained ∆VBA. This
corresponds to only ≈3% of the expected radial velocity
amplitude, were star B a binary. Such a coincidence is
highly improbable, all the more so when one considers a
very close ∆VBA value obtained (although with a larger
uncertainty) with the TRES spectrograph at a random
moment between the earliest and the latest observation.
Thus, with a high probability, the large radial veloc-
ity difference of stars A and B is due to the permanent
velocity difference of their centers of mass, and since it
surpasses by much the difference allowed for two gravi-
tationally bound stars, we conclude that stars A and B
are not gravitationally bound.
In principle, this fact does not exclude that the stars
were bound in the past but then disintegrated, like in
the scenario proposed by Gvaramadze & Menten (2012),
in which the originally triple star system dissolves into
a close binary (star A and its hypothetical close com-
panion) and an escaping star B. Garamadze and Menten
hypothesized that the initial triple system was ejected
from the core of the Cyg OB2 association about 5 Myrs
ago after which, relatively recently, the disintegration of
the system took place. However, two facts are against
the first step of this scenario (escape from the core of
Cyg OB2): (1) the closeness of the heliocentric radial
velocity of MWC349A (−9±1.0 km s−1; see above) to the
systemic radial velocity of Cyg OB2 (−10.3±0.3 km s−1;
Kiminki et al. (2007)), and (2) the apparent association
of MWC349A with a compact molecular cloud having the
same radial velocity (Strelnitski et al. 2013). In contrast
to star A, the radial velocity of star B differs from the
radial velocity of the association by ≈35km s−1, which
makes it a good candidate runaway star from this asso-
ciation.
A decisive check of our conclusion that the two stars
are not gravitationally bound may be provided by a mea-
surement of their proper motion. If the difference of
tangential velocities is equal to or greater than the ob-
served difference of radial velocity (∼30 km s−1), the rel-
ative proper motion of the two stars, at their distance
∼1.5 kpc, should be equal or greater than ∼4 milliarcsec
per year.
So far, the best estimate of the proper motion of
star A has been done by Rodriguez et al. (2007) ra-
dioastronomically: µα cos δ = −3.1±0.5 mas yr−1; µδ =
−5.3±0.5 mas yr−1. These values are in agreement with
the typical proper motion parameters for the Cyg X star
forming complex (e.g. Rygl et al. 2012), although the un-
certainty of measurements still allow for a peculiar mo-
tion of star A with a speed of several tens of km s−1.
A preliminary estimate of the proper motion of star B
relative to star A can be done by comparing the sepa-
ration of the two stars (d1 = 2
′′.4±0′′.1 in position an-
gle p1 = 280
◦±2◦ obtained in 1983 July (Cohen et al.
1985) with the positions of the stars determined in the
CDSS survey in 2003 September: RAA = 308
◦.189657;
DECA = 40
◦.660171; RAB = 308◦.188674; DECB =
40◦.660388, with an uncertainty of ±0′′.05 in both co-
ordinates (Ahn et al. 2012). This gives the separation
d2 = 2
′′.79±0′′.05 in the position angle p2 = 286◦±1◦. It
is easy to see then that the observed angle covered by star
B in the plane of the sky, in the reference frame of star
A, is 0′′.5±0′′.2. This was covered in 20 years, thus the
relative proper motion was 25±10 mas yr−1 which, at a
distance of ≈1.5 kpc, corresponds to a relative transverse
velocity of the two stars approximately 200±100 km s−1.
This large relative transverse velocity seems to corrob-
orate our conclusion that stars A and B are not grav-
itationally bound. However, this crude estimate is not
based on a consistent astrometric study, which is still
needed.
5. CONCLUSION
Recent measurements of absorption lines in the spec-
trum of MWC349B, the visible companion of the peculiar
emission-line star MWC349A, reveal a large difference
in radial velocities between the two stars. The differ-
ence is much larger than the theoretical upper limit for
a gravitationally bound binary system. This makes it
improbable that the two stars are physically connected,
which reopens the previously suggested possibility that
the >10 M star A is very young and may even still be
in its short pre-main sequence phase. With its high, pos-
itive radial velocity, star B may be a runaway star from
the Cyg OB2 association. A preliminary estimate of the
relative proper motion of the two stars seems to support
these conclusions, but a targeted astrometric study is
still needed to provide a decisive measurement and con-
firmation.
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